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Introduction

In this project, we have proposed to test the central hypotheses that the Bin1
gene is required for normal development of the prostate and to restrain the initiation or
progression of prostate cancer. The foundations of this central hypothesis were two-
fold. First, Bin1 encodes an adapter protein that inhibits the transforming activity of the
Myc oncoprotein, the activation of which drives a large fraction of prostate cancers (1-

8). A large body of evidence supports the likelihood that Bin1 can function to promote

differentiation, to facilitate stress signaling, and to restrain malignant development (9-

18). Furthermore, several lines of evidence argue that in certain transformed cell
settings Bin1 can facilitate a p53-independent mechanism cell suicide that can be
triggered by Myc and other proapoptotic stimuli (14, 15). Loss of Bin1 may therefore
relieve blocks to malignant development that involves a mechanism of differentiation
and cell death. The second foundation to the central hypothesis tested in this project is
that we have found Bin1 to be attenuated very frequently in human prostate cancers
(12, 16) (McDonnell, T.J., Do, K.-A., Troncoso, P., Wang, X, Bueso-Ramos, C.,
Coombes, K., Brisbay, S., Lopez, R., Prendergast, G.C., and Logothetis, C. Application
of data modeling strategies to prostate cancer tissue microarray: an analysis of selected
cell cycle and cell death regulatory proteins. Manuscript submitted.) Thus, the restraint
provided by Bin1 to the development of prostate malignancy may be relieved at some
point during tumor development, possibly relieving the ‘death penalty’ which is
associated with Myc activation in this setting (19).

While an unambiguous function for Bin1 has yet to be defined, when taken as a whole
the literature suggests that this gene encodes a scaffold that acts to integrate signaling
and trafficking processes in cells, perhaps crucial in cells under stress. With regard to
cancer development, a key question is whether the common attenuation of Bin1
expression in cancers is derivative or causative with regard to tumor initiation or
progression. This key question can be addressed using knockout mouse models, where
a causative role can be established by demonstrating that gene ablation can promote

one or both of these processes. In this project, a conditional knockout model based on




well-established cre-lox technology is being used. Briefly, we constructed a mouse
strain in which Bin1 function can be ablated specifically in the prostate at the age of
sexual maturation (~7 wks), by an allelic deletion that is generated by prostate-specific
induction of Cre recombinase. Through this strategy, we can monitor the consequences
of Bin1 loss at early times on androgen-driven development and homeostasis of the
prostate (Aim 1). If Bin1 loss is sufficient to promote tumor formation, then at later times
one would expect an elevation in the formation of preneoplastic or neoplastic lesions
(Aim 1). If, alternately, Bin1 loss does not promote tumor initiation, but is instead
sufficient to drive tumor progression, then one would expect an increase in the
progression of pre-neoplastic or neoplastic lesions that are initiated by a separate event,
in this case, by Myc activation (Aim 2). These are distinct aims, because it is readily
conceivable that while Bin1 may have no role in development, homeostasis, or tumor
initiation, it may be still have a critical role in limiting tumor progression (e.g. by
stanching survival, motility, angiogenesis, or immune rejection after the tumor has
developed). Indeed, preliminary studies suggest that Bin1 has a predominant role in
limiting cancer at the level of progression, by acting as a negative modifier of survival

but also of immune evasion of neoplastically transformed cells (20).

Body

Previous progress. Year 1 of this project was consumed mainly by performing
breeding required to generate the desired experimental strains. In that phase of the
work, as described in last year's progress report, we confirmed three important
expectations of the system (briefly summarized here). First, we confirmed that the
‘floxed’ allele of Bin1 that had been generated could phenocopy the wild-type allele
(before Cre-mediated deletion). Second, we confirmed was that the ‘floxed’ allele could
successfully convert to the ‘floxA’ allele in vivo, in mice where the Cre gene was co-
expressed. Lastly, we confirmed was that the floxA allele was in fact a functional
knockout allele for Bin1. During Year 1 we also generated mosaic offspring in which
different tissues displayed mixed KO/flox and KO/floxA genotypes. As discussed further

below, these mosaic mice have turned out to be very important because they have




provided a way around an unexpected pitfall in the initial experimental model that
emerged in Year 2.

Emergence of a pitfall and development of an alternate strategy in Year 2. Last
year we achieved Task | of Objective | and Tasks | and Il of Obijective I, namely, to
generate mice of the desired genotypes. However, in Year 2 we learned that the tet-
regulated Cre transgene used for prostate-specific Bin1 knockout was in fact defective

in operation. In the PB-cre transgenic mouse strain employed, Cre expression was

directed specifically to prostate cells under control of the tet regulator doxocycline

(added to drinking water at the desired time of induction). Unfortunately, we were
unable to achieve the desired Bin1 knockout due to a lack of Cre induction in the
prostates of the PB-cre;KO/+ and PB-cre;KO/flox strains and also the PB-cre;PB-
myc;KO/+ and PB-cre;PB-myc;KO/flox strains that had been generated. Despite efforts
to resolve this issue by several approaches (increased doxycycline adminstration,
different routes of administration, using different litters of mice, using mice of different
ages), we were not able to achieve Cre induction, as measured by RT-PCR, nor Bin1
knockout (as would be expected due to the lack of Cre induction). It remains unclear
whether this problem derives from the mixed strain background of the strains that were
generated, which differ from the original PB-cre strain, or from some other problem. In
any case, this problem prevented us from accomplishing the remaining Tasks in

Obijectives | and Il as originally proposed.

Construction of mosaic Bin1 knockout mice. The mosaic KO/flox strains that we
created in Year 1 as a side project offered an alternate strategy to complete this
proposal. Briefly, we generated KO/flox mosaic mice that are composed of a mixture of
Bin1 null and Bin1 heterozygous cells throughout the animal. These animals were
derived from crossing an Ella-cre transgene onto the Bin1 KO/flox genotype. The Ella
promoter (derived from the Ell gene of adenovirus) is known to be expressed only
during E1-E4 of mouse development (21). Thus, in the Ella-cre;KO/flox mice the
transient activation of Cre resulted in Bin1 knockout (i.e. generation of a KO/floxA

genotype) in some cells but not all cells of the resultant mouse. The generation of these




mice has been described in a manuscript that is not yet submitted but that is included
for reference in the Appendix. Consistent with previous reports of the effects of Ella-cre
on ‘floxed’ gene recombination (21), we observed that different Ella-cre;KO/flox mice
have different levels of Bin1 gene knockout throughout various tissues, but that within
each individual mouse the percent knockout across tissues is fairly uniform. Figure 1
presents the flox gene organization and the PCR primers used for genotyping the
normal and floxed allele of Bin1. Figure 2 presents a comparison of the genotypes of
mosaic and ‘straight’ knockout animals (left panel) and the tissue uniformity in the
genotypes from highly or weakly mosaic individuals that are generated.

Figure 1. Bin1 flox
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—B—«E and organization.
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Here we note that mosaic models offer the inherent advantage of a ‘built-in control’,
because cells that are positive and negative are found in the same individual animal.
This is useful for analysis of a tumor suppressor gene such as Bin1, where gene loss is
would be expected to lead to preferential tumorigenesis in knockout cells as compared
to adjacent wild-type cells (i.e. if Bin1 acts as a suppressor, tumors will tend to develop
from null cells, whereas if Bin1 does not act as a tumor suppressor, tumors will develop

from either null or heterozygous cells similarly).
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Figure 2. Genotype of Bin1 mosaic mice. Left panel, genomic DNA isolated from toe clip of two 3 wk
Ella-cre;Bin1 KO/floxA™*° animals was subjected to multiplex PCR using primers presented in Figure 1.
One animal exhibits a mosaic genotype in the toe clip tissues whereas the second exhibits a near-
complete knockout genotype. Right panel, PCR performed on tissues from two different Ella-cre;Bin1
KO/floxA™** animals illustrates that differences in overall degree of mosaicism are similar between
tissues of the same individuals.

We have exploited these mosaic Bin1 knockout mice as an alternate strategy to
address the central questions of this proposal, namely, whether Bin1 loss is sufficient on
its own to drive the formation of premalignant and malignant prostate lesions, and/or
whether Bin1 loss will cooperate with Myc to drive progression of premalignant lesions

that are initated by Myc.

Progress in the alternate experimental strategy. Following this alternate strategy, in
Year 2 we completed the generation of the new strains of mice that were desired
(equivalent to Task |, Objective | and Tasks | and II, Objective Il). Briefly, using an Ella-
cre-based strategy, we completed the generation of cohorts of mosaic mice that are
Ella-cre;Bin1 KO/floxA™®° or Ella-cre;PB-myc;Bin1 KO/floxA™*° and have begun to
monitor them for formation of premalignant lesions or malignant tumor formation.

Recent advances in our laboratory argue that Bin1 loss is insufficient to initate cancer




Recent advances in our laboratory argue that Bin1 loss is insufficient to initate cancer
but sufficient to promote tumor progression (20, 22) (preprints of these papers in press
are provided in the Appendix). Therefore, we predict that Bin1 loss will not cause

prostate cancer unless Myc is also activated in the prostate.

Key Research Accomplishments

Discovery of a pitfall in the use of a PB-cre transgene to elicit prostate-specific

knockout of a floxed Bin1 allele in a mixed PB-cre;Bin1 KO/flox strain.
Generation of Ella-cre;Bin1 KO/flox and Ella-cre;PB-myc;Bin1 KO/flox mouse

strains that are mosaic for Bin1 knockout.
Reportable Outcomes
None this period.
Conclusions

A pitfall that emerged in Year 2 of the project was circumvented by the use of
mosaic Bin1 knockout mice that were generated as a side-project in Year 1. By this
alternate strategy, new strains of mice were created that have the capacity to address
the central questions of the proposal. Studies will proceed to assess the effects of Bin1
loss on prostate homeostasis and the incidence of preneoplastic or neoplastic lesions in

the prostate.
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APPENDIX 1
ARTICLES

[AU: Do you mean Binl1 is a tumor suppressor? If not, please reword title. If so, please use tumor suppressor. |

Inhibition of indoleamine 2,3-dioxygenase, an
immunoregulatory target of the cancer suppression gene
Binl, potentiates cancer chemotherapy

Alexander ] Muller!, James B DuHadaway', P Scott Donover!, Erika Sutanto-Ward' & George C Prendergast!2

Immune escape is a crucial feature of cancer progression about which little is known. Elevation of indoleamine 2,3-dioxygenase
(IDO) in tumor cells can facilitate immune escape; however, it is not known how IDO becomes elevated nor how IDO inhibitors
might be used to treat cancer. Here we show that IDO is under genetic control of Binl, which is attenuated in many human
malignancies. Mouse knockout studies indicate that BinI loss elevates the STAT1- and NF-xB-dependent expression of 1DO,
driving escape of oncogenically transformed cells from T cell-dependent antitumor immunity. In MMTV-Neu mice, an established
breast cancer model, we show that small-molecule inhibitors of IDO cooperate with cytotoxic agents to elicit regression of
established tumors refractory to single-agent therapy. Our findings suggest that Bin1 loss promotes immune escape in cancer
through IDO deregulation, and inhibiting IDO-based immunomodulation can leverage [AU: If you mean increase, plase state. Have
omitted ‘safely’ as can’t extrapolate to humans.] the efficacy of cancer chemotherapy.

Immune cells create a complex cytokine environment that promotes
cancer cell survival, angiogenesis, invasion and metastasis'. To survive
in this environment, however, cancer cells expressing recognizable
tumor antigens must evolve strategies to thwart immune detection
and destruction?. Immune escape is thus a hallmark of cancer pro-
gression, but its underlying molecular genetic basis remains poorly
understood. The interplay between immune escape and other hall-
marks of malignant conversion, such as invasion and metastasis, is
similarly obscure. Aggressive and disseminated cancers can be eradi-
cated by an appropriately activated immune system, arguing that
overcoming immune escape might have broad therapeutic impact,
but this expectation has yet to be realized. Small-molecule drugs are
of particular interest because of their relative advantages compared
to biological agents in terms of production, delivery and cost. Yet
few small molecules for stimulating antitumor immunity have been
described.

Studies of the BAR adapter—encoding gene Binl (also known as
Amphiphysin2) indicate that it functions in cancer suppression®=.
Certain Binl adapter isoforms associate with endocytotic complexes!?,
but evidence from gene knockouts in several species suggest that Binl
is not essential for endocytosis!'!~13 [AU: Sen s edited?].
Instead, Bin1 adapters may be important for vesicle trafficking!4, con-
sistent with evidence that BAR domains not only bind membranes
but sense [AU: Please provide non-anthromorphic term.] membrane
curvature!®. BAR adapter proteins may integrate signaling and traf-
ficking processes, in some cases perhaps involving sites of action in
the nucleus®'® [AU: OK as edited?]. Nuclear localization of some Bin1

isoforms is important for cancer suppression; however, there is little
information about the relevant effector pathways or about the pre-
cise pathophysiological consequences of attenuating the expression of
nuclear isoforms, as occurs often in human malignancies>-8,

IDO is emerging as an important immunoregulatory enzyme.
It catalyzes the initial rate-limiting step in tryptophan catabolism,
which leads to the biosynthesis of nicotinamide adenine dinucleotide

AU: Addition of ‘adenine’ correct?]. By depleting tryptophan from
local microenvironments, IDO can block activation of T lympho-
cytes, which are particularly sensitive to loss of this essential amino
acid'”!8, Notably, IDO is needed to prevent T cell-mediated rejection
of allogenic concepti'®. IDO is overexpressed in many cancers, where
it has been implicated in immune escape?%?!, But its importance to
cancer progression and therapy has yet to be gauged fully. Here we
identify a mechanism for IDO elevation in cancer, and we show how
pharmacological inhibitors of IDO can be used in combination with
cytotoxic chemotherapeutic agents to elicit regression of established
tumors.

RESULTS

Bin1 loss promotes immune escape by tumor cells

Based on evidence of interaction between Bin1 and c-Myc (encoded by
Myc)>922, we investigated the effects of targeted deletion of the Binl
gene!? on the malignant phenotype of primary mouse skin epithelial
cells (keratinocytes) cotransformed by Myc plus an activated allele of
Hrasl (referred to below as MRKECs). We confirmed Binl genotype
and transgene expression by PCR analysis and western blot analysis

!Lankenau Institute for Medical Research, [AU: Please provide full street address.] Wynnewood, Pennsylvania 19096 USA. 2Department of Pathology, Anatomy & Cell
Biology, Jefferson Medical College, Thomas Jefferson University, [AU: Please provide full street address.] Philadelphia, Pennsylvania 19106 USA. Correspondence

should be addressed to G.C.P. (prendergasgt@mlhs.org).
Published online XX Month 2005; doi:xx/nmxx
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Figure 1 BinI loss promotes tumor formation

by facilitating immune escape. (a) Western blot
analysis of MRKECs. (b) Cell morphology. ()

Cell proliferation. The experiment was performed
twice. (d) Tumor formation in syngeneic versus
nude mice. Tumor weight was determined 4
weeks after subcutaneous injection of MRKECs
into syngeneic or nude mice. Each point on the
graph represents a single tumor measurement with
mean and standard error shown for each group (t
= tratio (the difference between sample means
divided by the standard error of the difference
between the means); df = degrees of freedom (n

— 2)). [AU: Should this be n= 2? What is n for all
animal experiments?] (e) Immune cell depletion
phenocopies Binl loss. Binl*~ MRKECs were
injected subcutaneously into mice depleted of both
CD4* and CD8* cells and tumor formation was
scored 3 weeks later. PBS, phosphate-buffered
saline. (f) Carrageenan (Carragn) treatment partly

Suspended

Nude

P=06T11
[=0448 A=

£ F

Bin1*~ Bin1~~  Bin1*~ Bin1~-

respectively (Fig. 1a). Binl deletion did not alter the phenotype or in
vitro proliferation of MRKECs under either anchorage-dependent or
anchorage-independent conditions (Fig. 1b,c). Nevertheless, Bin1 loss
substantially enhanced the outgrowth of tumors formed by MRKECs in
syngeneic animals (Fig. 1¢). The significant difference in tumorigenicity
between Binl~~ and BinI*/~ cells (P < 0.0001) could not be explained
by increased intrinsic cell proliferation, because Binl*/~ cells were no
less aggressive at forming tumors than Bin1~/~ cells in T cell-deficient,
athymic nude mice (Fig. 1d) or in syngeneic mice depleted of both CD4*
and CD8* T cells (Fig. 1e). Because tumor cells present antigens in part

Figure 2 [AU: Figure legend too long. Please move
all relevant text to Results or Methods.] Bin1 loss
potentiates the NF-kB- and STAT-dependent
expression of /ndo. (a) Binl loss elevates steady-
state Indo levels after IFN-y treatment. MRKECs
were treated for 24 h with IFN-y before RNA was
isolated and analyzed by northern blotting with

a mouse /ndo cDNA probe. Ethidium bromide—
stained gel is shown below as an RNA loading
control. (b) Binl loss leads to persistent induction
of Indo. MRKECs were treated with IFN-y for times
indicated and processed for northern blot analysis
as above. (¢) Binl loss accentuates induction of
Indo in Myc-immortalized macrophages. Cells
were treated with IFN-y for times indicated and
processed for northern blot analysis as before. (d)
Bin1 attenuation potentiates /ndo transcription

in human cells. HelLa cells were transfected with
a mouse /DO promoter-luciferase reporter plus
the indicated expression vectors. The day after
transfection, cells were either left untreated or
treated 16 h with IFN-y and cell extracts were
processed for normalized luciferase activity.
Similar effects were produced by the dominant
inhibitory mutants Bin1[-10] DN 22, Bin1[-10]
L147E, and Bin1[-10] D149A. [AU: If SiRNA

or shRNA, please indicate.] (e) Binl deletion

'
.

Bin1-10 L147E
Bin1-10 D149A '

pShag Bint RNAJ |

phenocopies Binl loss. Bin1*~ MRKECs were
injected subcutaneously into control (saline-
treated) and carrageenan-treated mice and tumor
formation was scored 4 weeks later.

by cross-priming to [AU: Should ‘to’ be ‘of ’?] antigen-presenting cells
(APCs), we investigated the effect of Binl loss on tumors formed in
syngeneic mice treated with carrageenan, a substance that depletes or
inactivates phagocytic cells including macrophages, dendritic cells and
neutrophils?®. Carrageenan treatment enhanced tumor formation by
Bin1*/~ cells but not by Bin1~~ cells (Fig. 1f), consistent with the idea
that cross-priming is involved in the antitumor immune response. In
summary, we conclude that BinI suppresses tumor formation through a
cell-extrinsic, immune-based mechanism that appears to be dependent
on both T cells and APCs.
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potentiates /ndo transcription in MRKECs. Cells were transfected with the /ndo promoter reporter used above plus the indicated expression vectors, then
treated and processed for normalized luciferase activity as before. (f) NF-kB and STAT1 are required for superinduction of /ndo in BinI-null cells. Bin1~~
MRKECs were cotransfected with /ndo promoter-reporter used above plus vectors expressing either no insert, a super-repressor mutant of |xB that prevents NF-
kB activation (top), or the dominant negative mutant STAT1 Y7O1F (bottom), then treated and processed for luciferase activity as before.
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IDO is under genetic control of Binl
Most cancers express tumor antigens that

render them sufficiently antigenic to elicit an Syngeneic
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effective immune response [AU: “effective”

immune response seems an overstatement.
Please rephrase.]. Therefore, tumors must

evolve mechanisms to evade or suppress anti-
tumor immunity to progress successfully. Two
recent studies have suggested that Binl func-
tions may modulate subcellular trafficking of

=+

Tumor mass (g)
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the STAT and NF-xB transcription factors,
which have important roles in modulating
immunity®?4, In considering common genetic
targets of STAT and NF-xB, we identified IDO

(encoded by Indo) [AU: Our policy is to use
approved gene symbols. IDO changed to Indo

hri t. Pl check for consistency.] as
a candidate that might explain the effects of
Binl loss on immune escape. IDO is an extra-
hepatic oxidoreductase. In APCs, the expres-
sion of IDO is strongly elevated by interferon-y (IFN-y)'72%, Deletion
of Binl in MRKECs markedly increased IFN-y-induced expression of
IDO both quantitatively and temporally, such that the Indo message level
was both higher and persisted longer than in Bin1-expressing cells (Fig.
2a,b). IDO was also superinduced by IFN-y in Binl~~ macrophages'?,
showing a similar effect of BinI deletion in a cell lineage in which IDO
expression is physiologically relevant [AU: Wording is awkward.] (Fig.
2c¢). Transcription assays in human HeLa cells showed that attenuation
of Binl by either siRNA or dominant inhibitory strategies increased basal
and IFN-y-induced activity of the Indo promoter (Fig. 2d). Similarly,
Binl deletion elevated basal and IFN-y-induced activity of the Indo pro-
moter in MRKECs, and these effects were reversed by ectopic expres-
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Figure 3 1DO inhibition counteracts the benefit of Binl loss to tumor formation. (a) 1MT inhibits
tumor formation by Bin17- cells. Mice implanted with either IMT or placebo time-release pellets
were injected subcutaneously with BinI7~ MRKECs and tumor formation was scored 2 weeks later. (b)
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